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FOREWORD

Within NASA, the Office of Aeronautics and Space Technology (OAST) has the
responsibility for timely development of needed new technologies. Traditionally, the
development of new concepts, new materials, designs, and engineering techniques for
aeronautics has been accomplished in close cooperation with the aircraft industry and
with the great American universities. On the other hand, NASA, as the primary user of

space flight, has been its own principal customer for new space technologies.

A new era of permanent presence in space is beginning with the Space Station.
This permanent presence will permit and promote commercial ventures and privately

funded research in the tradition of university/industry cooperation.

The RT&E workshop in Williamsburg represents a significant milestone for
NASA and the space engineering community. It marked the initiation of a long-term
program of outreach by NASA to focus the needs of universities, industry, and
government for in-space experiments and to begin building a strong national user

constituency for space research and engineering.

These proceedings represent a "first-cut” planning activity to involve universities,
industry, and other government agencies with NASA to establish structure and content
for a national in-space RT&E program. More interactions are needed - more workshops
will follow. Program adjustments will be made. A truly national program will evolve,
and its beginnings are presented here with the hope and d‘etermination needed to make it

a program we can all take pride in.

- Raymond Colladay



INTRODUCTION

Among the purposes of the Research, Engineering, and Technology Workshop, an
interest in validating the RT&E theme concept has some direct effect on the form of
these proceedings. The original five themes, which were themselves a target for
validation or recommeded changes, have become seven. During preparations for the
workshop, the submitted papers and attendance plans made it evident that the fifth
"theme"”, In-space Operations, was too broad, and would need to be split. As the
workshop got underway, a further split occurred, brought about by the different levels
of maturity, and needs for technology planning in several sub-disciplines. Thus, these
proceedings are presented under seven themes. The volume of presentaﬁons, and the
quantity of information generated by the individual panel summaries has led to the

decision to prepare the proceedings in several volumes.

The first volume is an executive summary and includes the summary presentations made
by the panel co-chairmen in the final plenary session. The accompanying seven volumes,
of which this is one, each represent a specific "theme", and include the un-edited
original presentation material used in that particular panel workshop. Each of these
separate "theme" volumes also include the Foreword, the general Summary and
Conclusions, and the Chairman’s presentation charts and narrative summary. Thus, each
should represent a self-standing volume to reflect the proceedings relevant to its
respective Panel deliberations and output, as well as the reflection in the general

Workshop results.
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Fluid Management

--Fuel Storage and Transfer
--Fluid Behavior

~--Sensor Concepts




SUMMARY AND CONCLUSIONS

NASA’s In-Space Research, Technology, and Engineering (RT&E) Workshop
brought together representatives of the university community, private sector, and
government agencies to discuss future needs for in-space experiments in support of
space technology development and the derivative requirements for space station facilities

to support in-space RT&E.

The workshop provided an excellent forum for establishing an interactive process
for building a national in-space experiments program. It enabled NASA to present to
the user community (university and private sector) experiment concepts for NASA’s
technology development activities in support of future space missions. The meetings also
began a process by which industry and university researchers will be able to bring their

own TDM requirements to NASA’s planning process.

This conference reached three primary goals: first, it expanded and validated
NASA’s in-space experiment theme areas, including Space Structure (Dynamics and
Control), Space Environmental Effects, Fluids Management, Energy Systems and
Thermal Management, Automation and Robotics, Information Systems and In-Space
Operations; second, it began the development of a user community network which will
interface with NASA throughout the lifetime of the in-space experiment program; and
third, it formed the basis for the establishment of on-going working groups which will

continue to interest and coordinate requirements for in-space RT&E activities.

As an adjunct to the conference, NASA/OAST announced plans to initiate a
long-term program to encourage and support industry and university experiments.

NASA’s modest investment in this program is initially targeted for generating experiment




ideas and concepts. It is anticipated that this base of concepts will lead to cooperatively
funded experiments between NASA, industry, and academia and thereby, begin to build

an active in-space RT&E program.

Several key points emerged from this conference regarding the adequacy of the
TDM data base that should be addressed in future planning activities. First, many of
the experiments could be performed on the ground, i.e., they do not justify a space
experiment. Secondly, many of the experiments address near-term or current
applications and do not take into account advanced system requirements. The TDM data
base must look beyond extensions of current programs to reflect future needs and trends
to have an effective and useful impact on space station planning and design. This will

require increased input from industry and university researchers and engineers.

In order to address these concerns, it is imperative that a long-range planning
view be taken in which industry and university researchers help NASA derive the
technology development program. The following recommendations have been developed

on the basis of the workshop:

1. Development of an on-going RT&E university and industry advisory group;

2. Continuation of in-space RT&E symposia to act both as outreach mechanisms
and as working sessions to refine the TDM data base;

3. Development of an RT&E information clearinghouse;

4. Development and continuation of the new experiments outreach activity
announced at the RT&E workshop;

5. Development of an "impacts assessment group” which will focus its energy on
identifying experiment accommodation requirements to impact the design of

in-space facilities, i.e., space station and others.



If carried out, these recommendations constitute movement toward development
of an effective NASA/industry/university partnership in a National In-Space RT&E
Program. This will also enable NASA/OAST to have an effective voice in space station
planning, which is essential toward the success of a future in-space activities. The
workshop, by promoting the process of NASA/industry/university interactions and by
pointing out concerns with the developing TDM data base has provided an important

first step towards a successful long-term space technology development effort.
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FLUID MANAGEMENT
SUMMARY
Joseph F. Slomski

Fluid management in space is required for space station, orbit maneuvering vehicles
(OMYV), orbit transfer vehicles (OTV), scientific payloads, and applications and research
satellites. A wide range of fluids are used for these programs and applications; they
include cryogens, storable propellants and fluids, superfluid helium and even liquid

metals in advanced thermal applications such as solar dynamic power systems.

Orbital fluid management technology includes both fundamental fluid behavior and
processes in the low-gravity space environment and fluid management systems which
incorporate specific design features to meet on-orbit fluid handling requirements. A
very limited data base exists for fundamental fluid behavior in low-gravity. Research
areas include free surface behavior, thermal non-equilibrium processes, multi-phase
flow, bubbles/droplets/aerosols in vacuum and low-gravity, all aspects of the physics of
fluids and special instrumentation/diagnostics for understanding these phenomena. The
space station provides an excellent test bed environment for conducting basic research in
these technology areas. This data will be useful not only in assisting designers to
properly configure fluid systems for space operations but will minimize risks of costly

fluid management systems where numerous fluid management technologies are integrated

~into a somewhat complex integrated system.

Technology is generally available for storable fluid management systems; current systems
are working in space, such as the Space Shuttle Orbital Maneuvering System (OMS) and

Reaction Control System (RCS) tanks, and numerous communications satellites. Storable
fluid transfer and resupply is not proven and a resupply servicer is needed in

conjunction with the 10C space station. Special hardware elements such as quantity

8




gaging instrumentation, diagnostics instruments, quick disconnects and fluid couplings

require further development.

Much of the detailed technology is not available for cryogenic systems. Some superfluid
helium data has been obtained on a recent Shuttle Spacelab mission, and the IRAS
mission involved the flight performance of a superfluid helium Dewar iﬁcorporating a
porous plug space vent feature. Only small, specialty systems are operational for other
cryogens, including the supercritical power/life support and instrument cooling Dewar
systems which are not applicable to the large scale required for OTVs and their

associated space depots and resupply tankers.

Experimental programs, including systems demonstrations, are needed to provide the
appropriate design data base. Scale-up of experimental results to the large space-based
systems is an important technology issue, as is long-term space operation. Safety,
reliability, and maintainability are important system life cycle cost issues which have a
limited data base for reusable system design and operations definition. The timeliness of
experimental programs in these technology areas is keyed to the IOC and growth space
station concepts and configurations; some fluid management technologies may need to be
addressed now to impact Phase C/D space station design or influence SCAR for the
growth station. Other technology investigations must be appropriately timed to support

customer utilization at the space station and on the co-orbiting platforms.
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HELIUM TRANSFER IN SPACE

OBJECTIVES

THE OBJECTIVE IS TO DEVELOP AND DEMONSTRATE THE TECHNOLOGY REQUIRED FOR THE
ON-ORBIT RESUPPLY OF LIQUID HELIUM. SEVERAL PLANNED NASA MISSIONS WOULD
BENEFIT BY BEING RESUPPLIED. THOSE INCLUDE SIRTF, AXAF, LDR, SUPERMAG,
GP-B, HST, AND PIRT. THE PROPERTIES OF LIQUID HELIUM (ESPECIALLY IN THE
SUPERFLUID STATE BELOW 2.2 K) ARE SUFFICENTLY DIFFERENT FROM THOSE OF OTHER
CRYOGENS, THAT A SEPERATE DEVELOPMENT EFFORT HAS BEEN STARTED. THIS IS A
JOINT ARC, GSFC., JSC EFFORT. THE GOAL IS TO HAVE A SERVICING KIT READY BY
THE MID TO LATE 1990's.
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HELIUM TRANSFER IN SPACE

EXPERIMENT DESCRIPTION

IT IS PREMATURE TO DEFINE A SPACE STATION EXPERIMENT. ALTHOUGH WE ENVISION
THE FOLLOWING EXPERIMENTS COULD BE NEEDED.

- EFFECT OF SMALL GRAVITY GRADIENT ON CONTAINMENT AND ACQUISITION OF
LOW SUFACE TENSION FLUIDS
- SYSTEM VERIFICATION

DEVELOPMENT STATUS

- WORKSHOP HELD 8/85
- HITCHHIKER EXPERIMENTS UNDER DEVELOPMENT
- SUBSCALE TECHNOLOGY DEMONSTRATIONS
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EXPERIMENT TITLE. He/rom Ro < ygz ’/,, )75

PROPOSED FLIGHT DATE - |7F€ YEAR

OPERATIONAL DAYS REQUIRED - &

MASS - 32 20 KG

VOLUME:

STORED: w_ — xD_ Y m xH 1.7 py =_2A2
DEPLOYED: W ___ — xD__ 4 m xH "7 m =22

INTERNALLY ATTACHED No (YES/NO)
EXTERNALLY ATTACHED Yes  (YES/NO)
FORMATION FLYING Yo (YES/NO)

ORIENTATION (inertial, solar, earth, other) 77 <.

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: Z_  Hrs/Day / No. of days
OPERATIONS: Hrs/Day No. of davs Interval
SERVICING: 4 Hrs/Day |  No. of daysTBD Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: Hrs/Day No. of days
OPERATIONS: Y Hrs/Day 3 No. of days 73D Interval
SERVICING: Hrs/Day No. of days Interval

POWER REQUIRED:

0. / KWw AC or@(circle one)

24 Hrs/Day 4 No. of days
DATA RATE: O0.¢§ Megabits/second

DATA STORAGE: T B D Gigabits
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— $eechcraft

Boulder Division

EXPERIMENT TITLE: long Term Cryogenic Fluid Storage

PROPOSED FLIGHT DATE: 1992 YEAR

OPERATIONAL DAYS REQUIRED: 1825 Days (5 years)
| MASS: 3200 kG
| VOLUME:

STORED: W 3.4 x L 6.1 x H_ 46 __ = __ 95.4 M3
| DEPLOYED: W 3.4  x L __ 6.1 x H_ 46 = _ 95,4 m3
‘ INTERNALLY ATTACHED (YES / NO)
| EXTERNALLY ATTACHED (YES / NO)

FORMATION FLYING (YES / NO)

ORIENTATION (inertial, solar, earth, other) Not Critical

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 4 Hrs/Day 4 No. of Days
OPERATIONS: - Brs/Day - No. of Days =- Intervail
SERVICING: 8 Hrs/Day 1 No. of Days Zdr Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 8 Hrs/Day 5 No. of Days
OPERATIONS: 1 Brs/Day 1 No. of Days 1 wk Interval
SFRVICING: -— Hrs/Day - No. of Days ==  Interval

POWER REQUIRED:

2 KW AC or DC (Circle One)

24 Hrs/Day 1825 No. of days
DATA RATE: 1 Bit/Sec Megabits/second (To Data Storage)
DATA STORAGE: 1 Megabit Gigadbits
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FACILITIES FOR DEVELOPING A LIQUID STREAM SPACE TECHNOLOGY

by

E.P. Muntz
and
Melissa Dixon

University of Southern California
Department of Aerospace Engineering
University Park, Los Angeles, California 90089-0192

Presented at NASA In-Space Research, Technology and Engineering Workshop,
Williamsburg
October 8,9,10, 1981

OBJECTIVE

Facilities necessary for the investigation of several proposed uses of free-flying
liquid streams in space are outlined. Extensive in-space development of the technology

is anticipated before useable space systems could be designed.
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LOW VAPOR
PRESSURE FLUID

\VAPOR~ _~~ I
i — V_ ~
PRESSURE™ { — ,f‘i‘f’ifgzlﬁ
FLUID - - /;qu '
// — —/

LOW VAPOR PRESSURE
FLUID SHEATH

'L————Low VAPOR

PRESSURE FLUID

29 © 0

SHEATH OF LOW VAPOR DROPLET RETAINS A CONTINOUS
PRESSURE FLUID SHEATH OF LOW VAPOR
’ PRESSURE FLUID
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BREAK-UP AND COALESCENCE OF AMPLITUDE
MODULATED CAPILLARY STREAM

o G- o S e ey - G e s e

;. O00000000000000000
O O O O

Arrows represent motion relative 1o Vy4

50




PLAUSIBLE ESTIMATES OF THE DIRECTIONAL AND DROPLET TO
DROPLET SPEED STABILITY BASED ON PRELIMINARY
EXPERIMENTS AND ANALYSIS

0 DROPLET STREAM DIRECTIONAL STABILITY OF + 1y radian
o DROPLET TO DROPLET SPEED STABILITY OF + 5 x 1078

o THIS PERFORMANCE ACHIEVED FOR STREAMS A FEW HUNDRED um
DIAMETER WITH LIQUID VAPOR PRESSURE UP TO ABOUT 1 TORR.
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DISTANCE (m)
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EXPERIMENT DESCRIPTION

Space Applications of Controlled Free-Flying Liquid Streams

o Have identified potential uses for free-flying liquid streams in space.

o Many of these proposed liquid stream systems would require extensive space
experiments during their development cycle.

o Initial consideration of the control of low and finite vapor pressure liquid

streams in space, along with potential applications, are presented in two
references:

1. E.P. Muntz and M. Dixon, The Characteristics, Control and Uses of Liquid
Streams in Space’ AIAA-75-0305, 1985.

2. E.P. Muntz and M. Dixon, ‘Applications to Space of Free-Flying Controlled
Streams of Liquids’, AIAA-85-1023, 1985.

Ranked List of Applications

(from least speculative at top to most speculative at bottom)
0 Space construction, refurbishment and repair
o Liquid thrusters
o Liquid droplet radiator
0 Material transport—
o Planetary gas scavenging

0 Aeroassisted deceleration

Demonstrated Liquid Droplet Stream Performance Parameters
o Directional stability, £+ 1 u radian
o Drop to drop speed stability, + 1.5 x 1076

o Drop spacing up to about 20 drop diameter.s, corresponding to a non-
dimensional wave number (k) of about 0.02 (k, = nD./A)
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LIQUID STREAM SPECIFIC IMPULSE
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FOLDED FRAME FOR
f DROPLET SHEET GENERATOR (Ds= 50m)

GENERIC OTV ILLUSTRATING
INSTALLATION OF DROPLET
AEROBRAKE

faee R

OTV MAIN PROPULSION
SYSTEM

DROPLET SHEET
GENERATOR

NI

DROPLET SHEET
RECEIVER WHERE
DRAG DUE TO
INTERACTION OF
DROPLET SHEET WITH

ATMOSPHERE ACTS ON OTV DEPLOYED DROPLET AEROBRAKE

FOR 10%gq OTV BRAKING FROM 10km/s TO 8km/s

IMPACT MEAN SHEET LIQUID

ALTITUDE MOMENTUM FREE PATH SIZE, Dg SHEET MASS TEMP
(km) (pVE, N/m?) (m) (m) (p,=1, kq) (°K)
120 4 15 50 1 x 402 730

140 6x10 ' 10.0 150 1x103 450
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SPACE FACILITY REQUIREMENTS

Near Term (STS orbiter anly)

1. Enclosed flight tube apptoximately 1 shuttle bay long and up to 1 m diameter
for initial low g tests of stream generators and receivers. Enclosure is light-
weight and only used to contain stray liquid.

2. Folded flight tube for propagation experiments up to 100 m.

3. Unprotected flight up to a few kms with a small free-flyer (GAS can
launched?) as stream receiver.

Longer Term (Space Station)

4. Prototype and demonstration systems for repair, material transport and
propulsion - with possible requirement for molecular shields in initial tests.

5. Possible test of LD.R. performance.

Longer Term (Non-Space Station)

6. Tests of. aeroassisted braking and planetary gas scavenging.

SUMMARY

o Basic facility for initial development work is an instrumented, (video and other
optical primarily), up to 100 m long, 1 m diameter fiight tube held at ambient
pressure and with capability of being selectively exposed to optical and

physical local environments. Details could be worked out but not compieted
at present.

o Other requirements would depend very much on specific use being

investigated so that it is difficult to identify generic requirements without
further study.
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EXPERIMENT TITLE: CRYOGENIC PROPELLANT TRANSFER, STORAGE AND RELIQUEFACTION

TDMX2572
PROPOSED FLIGHT DATE - _ JANUARY 1993 YEAR
OPERATIONAL DAYS REQUIRED - 31
MASS - __3300 KG
VOLUME:
STORED: w xL x H - M3
DEPLOYED: W ’3.\&5’ Ox L 349/ O H ‘226 © 45&5:5_0 M3
INTERNALLY ATTACHED NO __ (YES/NO)
EXTERNALLY ATTACHED YES __ (YES/NO)
FORMATION FLYING NO_ (YES/NO)

ORIENTATION (inertial, solar, earth, other)_ NOT CRITICAL

EXTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 3 Hrs/Day 1 No. of days
OPERATIONS: Hrs/Day No. of days _ Interval
SERVICING: Hrs/Day No. of days _______ Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP 8 Hrs/Day 2 No. of days
OPERATIONS: 8.5 Hrs/Day 6 No. of days _ 6D Interval
SERVICING: 2 Hrs/Day 29 No. of days Interval

POWER REQUIRED:
1.5 KW AC or DC (circle one)

24 Hrs/Day - __ 29 No. of days
DATA RATE: 1.2 Megabits/second

DATA STORAGE: 2.16 Gigabits
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Ultrasonia Fluid Measurement
W/. Dur'gin

Qbjechive :  Determination of liquid quanht
= and c.onﬁaumhon. under stata and
dynamic™ condihons .

Important for: Consumphon
Kesoppl :
Manu ‘aamrmﬂ

Mﬂi\_oiel_ggéﬁ Ultrasonie. sounding measure.
'stanae to l.‘q,c.u’d/wapor. terface. .

Jrst — _ — e ulse -
3 T —— Phnased
P _/ Array

g

Experiment : U+tilize t+ank with flurd
) Shmulant.

transducers
Various acceleratons

h
B o Faorih,
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Ultrasoniec Fluid Measurement
W. Durs'm

Lssues' Assume static aase with small contact
anﬂl&- liquid spreads o minimum energy
Qo 3umhon

- Minimum number of pulse - echo
measurements +o determine quanhiy
and eonhguration

For dynamie case resutting from
acteleration, heat +transfer’ resvpply , ete .
+tow many are needed?

Coffm phased arrays reduce +he number
tank penetrations ?

How should baffles and aguisihon
devices be placed to enable measvrement?

Can +he liquid mohon be reasonably
predicted based on acceleration or
other perturbahon such +hat +he
number ' of +ank penetrations ean be

minimized ?
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luid Measurement

Ultrasenie. F

W. '.'Durgm
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Experment TiHe :  Ultrasonie. Fluid Measurement
W. Durgin

Proposed Flight Date : 1989 on

Operational Days Required: 10

Mass - 250 K6

Volume : 0.a5 M3

Stored: W 0.5 xL o5 xH 1.0 = 0.a5 M3
Deployed: W same x L « H = M3
—Lntemally AHached yes

E‘x{'ernally AHached yes

Formation Flying no

Orientahon Speejpnéd Accelerahions

Extra - Vehiaular Aah‘vi+y Qeq.u;r'ea : None
Thia- Vehiaular Ach vity Qeq.u;red :
Set-up: 4 Hrs/Day | Mo. of Days
Operations: | Hrs| Day 10 Ke. of Days
Servieing: 4 Hrs|Day 4 No. of Days

TBwer Qeq_ufred .

10 KW D
24 Hﬁ/Day (0 Meo. of Days

Tata Katke: low: Mesabﬂ-s /second
Data Sbmse.'- Yo) MegabH's
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EXPERIMENT TITLE: WO PHASE FLUID MANAGEMENT FOR LIQUID METALS

PROPOSED FLIGHT DATE - _ZAL YEAR

OPERATIONAL DAYS REQUIRED - 2 - 30

MASS - 780 KG

VOILLUME: 780

STORED: ¥V _— xL *H ——m,— & e
DEPLOYED: W __ ——— xL — xH ——— = —_—
INTERNALLY ATTACHED (YESENO)

EXTERNALLY ATTACHED (== ~>-..-}]

FORMATION FLYING (Y

ORIENTATION (inertial, solar, earth, other) SLO8C 2

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 38 Hrs/Day / __ No. of days
OPERATIONS: _ 24 Hrs/Day 2-30 No. of days _—— Interval
SERVICING: O Hrs/Day —— No. of days —— Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: ~—— Hrs/Day ——__ No. of days
OPERATIONS: —— _ Hrs/Day ——  No. of days —— Interval
SERVICING: ——— Hrs/Day —— _No. of days Interval

POWER REQUIRED:
Z8L KW AC or DC (circle.one)
78 O Hrs/Day _7BD No. of days
DATA RATE: &L _ Megabits/second
DATA STORAGE:. _ 780 Gigabits
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Liquid-Vapor Flow Regimes in Microgravity Flight

EXPERIMENT TITLE: Experiment

PROPOSED FLIGHT DATE - 1988 (Shuttle) YEAR
OPERATIONAL DAYS REQUIRED - _ 1
MASS - 200 KG
VOLUME:
STORED: W_o0.,4 xL _ 0.5 xH_Q0,5 =_ 0.1
DEPLOYED: W x L x H = M3
INTERNALLY ATTACHED Yesg (YES/NO)
EXTERNALLY ATTACHED Na (YES/NO)
FORMATION FLYING No  (YES/NO)
ORIENTATION (inertial, solar, earth, other) N/A
EXTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: Hrs/Day No. of days Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP; 0.5 Hrs/Day 1 No. of days
OPERATIONS: 1.5 Hrs/Day 1 No. of days __ 1  Interval
Hrs/Day No. of days Interval

SERVICING:

POWER REQUIRED:

2.0

1.5 Hrs/Day 1
DATA RATE: Megabits/second
DATA STORAGE: Gigabits

83

KW r DC (circle one)

No. of days

John R. Schuster
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EXPERIMENT TITLE: Long Term Cryogenic Storage Facility Demonstration

1991 (Shuttle)
PROPOSED FLIGHT DATE - 1993 (I0C Station) YEAR

OPERATIONAL DAYS REQUIRED - _1825

MASS - 600 KG + Dw)wb Mm
VOLUME:
STORED: W 2 xL 3.5 xH 2 = 14 M3 ,;
4 1 . A‘-‘
DEPLOYED: W 2 xL 7 xH - 6 - 84 M3 Y Q me
INTERNALLY ATTACHED  No (YES/NO)
EXTERNALLY ATTACHED ~_Yes __ (YES/NO)
FORMATION FLYING No  (YES/NO)

ORIENTATION (inertial, solar, earth, other) Earth

EXTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: 16 Hrs/Day _ 1 No. of days
OPERATIONS: Hrs/Day No. of days Interval
SERVICING: 4 Hrs/Day 1 No. of days 180 Interval

INTRA-VEHICULAR ACTIVITY REQUIRED:

SET-UP: Hrs/Day No. of days
OPERATIONS: Hrs/Day No. of days Interval

SERVICING: Hrs/Day No. of days Interval

POWER REQUIRED:

1.0 KW or DC (circle one)

___ 24  Hrs/Day _1825 _ No. of days
DATA RATE: Megabits/second
DATA STORAGE: Gigabits
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IN-SPACE RTRE WORKSHOP

FLUID MANAGEMENT PANEL

R. JOHM HANSMAN
DEPT. OF AERQ, & ASTRO,
MIT

«OVERVIEW OF MIT LOW G FLUID EFFORT
o FLUID STRUCTURE INTERACTIONS
o [NSTRUMENTATION

eCOMMENTS ON IN-SPACE TESTING
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ACCOMMODATION REQUIREMENTS

EXPERIMENT TITLE: CQ VANMNTIBED !gg;ngﬂ IN Sueer ELLID RELIUM
PRINCIPAL INVSTIGATOR(S): > YV agany . D. BLLeman , D. Perrac
M. TWARS , H. JAcCKkSen ) .. WANG

ADDRESS: /s \g's-‘\og JET Ihg?ugs«m LAROR ATaR ¥ ’@35505»5,(&

PROPOSED FLIGHT DATE 1391 — 1995 YEAR(S) Wred
OPERATIONAL DAYS REQUIRED 1O (PER YEAR)
MASS 200 KG
VOLUME :
STORED W len L |lw x3_2m = 2wmd M3
DEPLOYED W lvm xL |l xBE_ 21w = _ 2n3 M3
INTERNALLY ATTACHED !n (YES/NO)
EXTERNALLY ATTACHED A© (YES/NO)
FORMATION FLYING NO (YES/NO)
ORIENTATION (inertial, solar, earth, other) IQEQT\ AL
EXTRA-VEHICULAR ACTIVITY REQUIRED: N oONE
SET-UP: Hrs/Day No. of days.
OPERATIONS: Hrs/Day No. of days. Interval
SERVICING: Hrs/Day No. of days. Interval
INTRA-VEHICULAR ACTIVITY REQUIRED:
SET-UP: 2 Hrs/Day 10 No. of days.
OPERATIONS: S  Hrs/Day 10  ¥o. of days. Interval
SERVICING: 1 Hrs/Day ‘Q No. of days. Interval

POWER REQUIRED:

l KW AC or DC (circle one)

S Hrs/Day IO  No. of days
DATA RATE: O.I Megabits/second
DATA STORAGE: |©  Gigabits

SPECIAL REGUIREMENT ¢ L1GQuio HeLium
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